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I.  Supplementary Figures 
 
  
Fig. S1.  Left panel: MALDI-TOF MS analysis of the intact pMMO complex without acetylene 
treatment; Right panel: Comparison of the mass peak of the PmoB subunit between untreated- 
sample (CT-10) and acetylene-treated samples at 10 min (C2H2-10) and 60 min (C2H2-60). 
 
 
Fig. S2. The LC-MS/MS analysis of the in-gel chymotryptic digestion of the “~27 kDa” and “~23 
kDa” bands excised from the SDS-PAGE gel of the pMMO complex. The matched peptides are 
shown in red. (A) The sequence coverage of the “~27 kDa” protein band or PmoC is 65%, and (B) 
74% for the “~23 kDa” protein band or PmoA. 
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Fig. S3. Sequence coverage in the LC-MS/MS analysis of the acetylene (HCCH)-treated pMMO 
complex (PmoA: green; PmoB: blue; and PmoC: purple). The amino acids that are not covered in the 
experiment are highlighted in red text. 
 
 
Fig. S4. Kinetics of inhibition of pMMO by three inhibitors based on whole cell assays. Cells of M. 
capsulatus (Bath) cultured under 30 µM Cu2+ are treated with HCCH, CH3CCH, and CF3CCH in separate 
experiments, and the activity of the pMMO is assayed by propylene oxidation at various times by 
GC-MS. 
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Fig. S5. Quantitation of the PmoC mass shift data. Fitting of the mass signals of the PmoC subunit 
from untreated and CH3CCH-treated pMMO (C3H4-treatment) to a sum of contributions from chemically 
modified and unmodified species. The MALDI-TOF MS signal of PmoC after 10 min-treatment with 
C3H4 best fits 6 Gaussian functions representing signals from unmodified PmoC, PmoC modified with 1 
methyl ketene, and PmoC modified with 2 methyl ketenes. For details of the fitting and calculation of the 
percentage of each chemical modification, see Materials and Methods. 
 
 
 
 
Fig. S6. MALDI-TOF MS analysis of the CF3CCH-treated pMMO and untreated samples in 
time-course experiments. Whole cells were treated with and without CF3CCH (F3C3H-treated pMMO) 
in separate experiments at two time points (10 and 60 min), as described in the kinetic study (Figure S4). 
Cells were then broken and the pMMO was purified. The MALDI-MS was performed directly on the 
intact purified pMMO proteins (see Materials and Methods section for details).  
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Fig. S7. Quantitation of the PmoC mass shift data. Fitting of the mass signals of the PmoC subunits 
from the untreated and CF3CCH-treated pMMO to a sum of contributions from chemically modified and 
unmodified species. The percentage of chemically modified PmoC subunit was determined from the 
relative contribution of the two species to the composite PmoC mass signal in each case: panel A, 
untreated pMMO; panel B, CF3CCH-treated pMMO (10 min); and (panel C), CF3CCH-treated pMMO 
(60 min). Two Gaussian functions and four Gaussian functions were used to fit the unmodified PmoC 
subunit and the alkyne-modified PmoC subunit, respectively. For details of the fitting, see Materials and 
Methods. 
 
 
 
  
  
Fig. S8. Molecular docking of ketene to the revised crystal structure of pMMO (accession number 
3RGB). There are 7 affinity binding sites of ketene denoted from P1 to P7. The surrounding residues of 
four affinity sites within the transmembrane domain are presented in the right. Predicted binding energy 
(kcal/mole) of ketene to each position is provided in parentheses, showing the highest binding affinity for 
P2. K196 is underlined in (P2) showing its proximity to the affinity binding site number 2 or P2, which is 
also in the cluster of two other sites P1 and P3. The putative tricopper cluster (D site) is highlighted in 
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brown spheres. Crystal structure of pMMO from M. capsulatus used in this study is reproduced from 
PDB (accession number 3RGB). 
 
 
 CH4 C2H6 C3H8 C4H10 C5H12 C2H2 
P1  −1.5 −2.9 −3.8 −3.8 × −2.9 
P2  −1.3 −2.5 −3.3 −3.8 −4.3 −2.4 
P3  −1.2 −2.2 −2.9 −3.5 −4.0 −2.3 
P4  −1.2 −2.3 −3.1 −3.7 −4.2 −2.3 
P5  −1.1 −2.1 −3.0 −3.7 −4.0 −2.2 
 
Fig. S9. Predicted binding sites of n-alkanes (C1-C5) as well as the suicide-substrate acetylene by 
molecular dockings in the crystal structure of pMMO (accession number 1YEW) and the 
corresponding binding energies (kcal/mole). × indicates no binding affinity. 
 
 
 Methanol Ethanol Propan-2-ol Butan-2-ol Pentan-2-ol 
P1 −1.9 −2.6 −3.0 × × 
P2 × −2.8 ×3.0 × × 
P3 × × × −3.6 −3.8 
P4 −2.0 −3.0 × × −3.9 
P5 × × −3.2 −3.6 −4.0 
P6 × × −3.2 −3.5 −3.8 
P7 −1.9 −2.7 −3.4 −4.1 −4.3 
P8 −2.0 −2.7 −3.0 −3.4 × 
P9 −1.9 × × −3.4 -3.8 
P10 −1.9 −2.6 −3.1 −3.5 -3.9 
P11 -2.1 −3.0 −3.7 −4.5 -4.5 
 
Fig. S10. Predicted binding sites of some alcohols in pMMO and the corresponding binding energies 
(kcal/mole). × indicates no binding affinity. 
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Positions Binding energy (units) 
P1  −2.1 
P2  −2.0 
P3  −2.2 
P4  −2.1 
P5  −2.0 
P6  −2.1 
P7  −2.0 
P8  −2.1 
P9  −2.4 
P10  −2.0 
P11  −2.1 
 
Fig. S11. Predicted binding sites of dioxygen in pMMO and the corresponding binding energies 
(kcal/mole). 
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Fig. S12. Upper panel: Sequence alignments of the PmoA subunits in the region containing both the 
copper-binding residues for the tricopper cluster and the substrate-binding pocket (aromatic box) in 
pMMOs from proteobacterial methanotrophs and extremely acidophilic methanotrophs. A similar 
putative copper-binding peptide domain has been identified in several ammonia monooxygenases. Lower 
panel: Sequence alignments of the PmoB subunits in the region containing the copper-binding residues 
for the dinuclear B site in pMMOs from proteobacterial methanotrophs and the corresponding region in 
the PmoB subunits of extremely acidophilic methanotrophs. These binding residues are not conserved 
between the two types of methanotrophs. However, a similar copper-binding peptide domain has been 
identified in the AMO from Nitrosomonas eutrophaea. 
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Fig. S13. Whole sequence alignments between AMO and pMMO for subunit A (PmoA vs AmoA) and 
subunit C (PmoC vs AmoC) using ClustalW.  
 
Whole sequence alignment of PmoA vs AmoA 
>_ Pmo-A                                            247 aa vs. 
>_ Amo-A                                            276 aa 
scoring matrix: , gap penalties: -12/-2 
44.6% identity; Global alignment score: 849 
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Whole sequence alignment of PmoC vs AmoC 
>_ Pmo-C                                            289 aa vs. 
>_ Amo-C                                            271 aa 
scoring matrix: , gap penalties: -12/-2 
40.5% identity; Global alignment score: 768 
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II.  Supplementary Tables  
 
Table S1. Predicted molecular masses of the pMMO subunits and the values in Daltons measured by 
MALDI-TOF MS.  
Subunit  Predicted 
Molecular mass 
(Average) 
Observed 
Molecular mass 
(Average) 
NCBI reference 
sequence 
PmoB 42 649.000 42 664.663 YP_114234.1 
PmoC 29 689.360 29 690.340 YP_114236.1 
PmoA 28 294.240 28 302.247 YP_114235.1 
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Table S2. MS/MS spectra of the identified peptides labeled by ketene (C2H2O, +42.0106 Da), methyl 
ketene (C3H4O, +56.0262 Da) and trifluropropyne (F3C3H, +94.003 Da). The blue arrows illustrate the 
b and/or y ions from the fragments of the identified peptides. 
Residue 
# 
Chemical 
modification 
MS/MS spectra of identified peptides 
K196 
(PmoC) 
Ketene 
(C2H2O, + 
42.0106 Da) 
 
 
K196 
(PmoC) 
Methyl 
ketene 
(C3H4O, 
+56.0262 Da) 
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K48 
(PmoC) 
Methyl 
ketene 
(C3H4O, 
+56.0262 Da) 
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K49 
(PmoC) 
Methyl 
ketene 
(C3H4O, 
+56.0262 Da) 
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S277 
(PmoC) 
Methyl 
ketene 
(C3H4O, 
+56.0262 Da) 
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C279 
(PmoC) 
Trifluoro-pro
pyne (F3C3H, 
+94.003Da) 
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III. Oxidation of HCCH, CH3CCH, and C6H5CCH mediated by a model trinuclear copper    
complex. 
   If the oxidation of hydrocarbons by pMMO is mediated by the putative tricopper cluster at site D 
of the enzyme, as has been implicated by a broad range of biochemical/biophysical studies on the 
enzyme [1, 2] as well as oxidation of methane and other hydrocarbons recently demonstrated for 
biomimics of the tricopper cluster [3, 4], then the same tricopper complex should be able to oxidize the 
suicide substrates HCCH and CH3CCH to their corresponding ketene derivatives. To confirm this 
chemistry, we have compared the oxidation of the two suicide substrates with the hydrocarbon 
substrates of pMMO mediated by the [CuICuICuI(7-Ethppz)]1+ tricopper complex, where 7-Ethppz 
stands for the ligand 3,3'-(1,4-diazepane-1,4-diyl)bis(1-(4-ethylhomopiperazin-1-yl)propan-2-ol) [5]. 
Recently, Chan and coworkers have demonstrated that the related [CuICuICuI(7-N-Etppz)]1+ complex, 
where  7-N-Etppz stands for the ligand 3,3’-(1,4-diazepane-1,4-diyl)bis[1-(4-ethylpiperazine-1-yl) 
propan-2-ol], is capable of catalyzing the efficient oxidation of methane and many other straight-chain 
hydrocarbons from C2-C6 at room temperature, when the complex is activated by O2 or H2O2 [3, 4]. 
   For HCCH and CH3CCH, we have confirmed that they are indeed converted into ketene products 
by the model tricopper complex. Products of the oxidation reactions are analyzed by GC-MS as shown 
in Figure SIII.1 and Figure SIII.2. Although there is no ketene intermediate observed directly by 
GC-MS, the compounds identified are products of the reactions between the expected ketene 
intermediate with oxygen and water. This is not surprising as the ketene intermediates are very reactive 
species, which will quickly react with O2 or H2O within the reaction buffer. For instance: (i) ketene 
reacts with O2 to form CO2 and formaldehyde (HCHO); and (ii) the methyl ketene reacts with O2 to 
form CO2 and acetaldehyde (CH3CHO), or with H2O to give acetic acid (CH3COOH) [6-9]. All these 
products are identified by GC-MS. 
   To bolster our understanding of the mechanism of the oxidation of HCCH and CH3CCH mediated 
by the model tricoppper complex, we have also employed ethynyl-benzene (C6H5CCH, or C8H6) as a 
substrate to take advantage of its well-known ketene chemistry [8]. The addition of an “O-atom” across 
the triple bond of this alkyne will promote cyclization to yield the benzofuran and acetophenone. 
Indeed, the benzofuran is observed. In addition, there are also other products coming from the reactions 
of the oxidation product of ethylnyl-benzene intermediate with O2 and H2O. As a control, we have 
observed no reaction between O2 and this alkyne without the tricopper catalyst, indicating that the 
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formation of the ketene derivative is indeed mediated by the tricopper cluster at room temperature.  
A proposed mechanism for the oxidation of alkynes catalyzed by the [CuICuICuI(7-Ethppz)]1+ 
complex upon activation by H2O2 is given in Figure SIII.3. 
 
 
 
 
 
 
 
Fig SIII.1. GC-MS analysis of the oxidation of alkynes catalyzed by [CuICuICuI(7-Ethppz)]1+ 
complexes mediated by H2O2. The black and blue arrows highlight peaks of the solvent and the 
products that are formed by the reactions, respectively. 
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+ MS spectrum of the products of ethynyl-benzene (C8H6) oxidation 
 
 
+ MS spectrum of the products of CH3CCH oxidation 
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+ MS spectrum of the products of HCCH oxidation 
	   	  
Fig SIII.2. Mass spectrum of products identified from the oxidation of alkynes catalyzed by 
[CuICuICuI(7-Ethppz)]1+ complexes mediated by H2O2.  
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Fig SIII.3. A proposed mechanism for the oxidation of alkynes catalyzed by the [CuICuICuI(7-Ethppz)]1+	  
complex upon activation by H2O2. All reactions are conducted at room temperature, and the products are 
analyzed by GC-MS. Reaction (1) applies to all three alkynes: HCCH, CH3CCH, and ethylnyl-benzene 
(C6H5CCH). Reaction (2) is applicable to ethylnyl-benzene only. The inorganic complex to the right 
represents structure of the [CuICuICuI(7-Ethppz)]1+	  tricopper cluster selected for the study. 
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